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CAN MOTHERS JUDGE THE SIZE OF THEIR
NEWBORN? ASSESSING THE DETERMINANTS
OF A MOTHER’S PERCEPTION OF A BABY’S
SIZE AT BIRTH
ANDREW A. R. CHANNON
Centre for Global Health, Population, Poverty and Policy, University of Southampton,
UK
Summary. Birth weight is known to be closely related to child health,
although as many infants in developing countries are not weighed at birth
and thus will not have a recorded birth weight it is diﬃcult to use birth
weight when analysing child illness. It is common to use a proxy for
birth weight instead, namely the mother’s perception of the baby’s size at
birth. Using DHS surveys in Cambodia, Kazakhstan and Malawi the
responses to this question were assessed to indicate the relationship between
birth weight and mother’s perception. The determinants of perception were
investigated using multilevel ordinal regression to gauge if they are diﬀerent
for infants with and without a recorded birth weight, and to consider if there
are societal or community influences on perception of size. The results
indicate that mother’s perception is closely linked to birth weight, although
there are other influences on the classification of infants into size groups. On
average, a girl of the same birth weight as a boy will be classified into a
smaller size category. Likewise, infants who died by the time of the survey
will be classified as smaller than similarly heavy infants who are still alive.
There are significant variations in size perception between sampling districts
and clusters, indicating that mothers mainly judge their child for size against
a national norm. However, there is also evidence that the size of infants in
the community around the newborn also has an eﬀect on the final size
perception classification. Overall the results indicate that mother’s perception
of size is a good proxy for birth weight in large nationally representative
surveys, although care should be taken to control for societal influences on
perception.
Introduction
Birth weight is considered to be one of the most important determinants of child
survival and health (McCormick, 1985; Kramer, 1987; Abrams & Newman, 1991;
J. Biosoc. Sci., (2011) 00, 1–19,  Cambridge University Press, 2011
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Abell, 1992), and is seen as a good indicator of general health at birth (McCormick,
1985; Millman & Cooksey, 1987) and throughout life (Barker, 1992). Knowing an
accurate weight at birth aids in the monitoring of child health and allows a better
assessment of the true eﬀects of exogenous factors on a child’s chances of survival.
Controlling for birth weight in statistical models of child health enables the study of
postnatal influences on morbidity and mortality. However, many children in
developing countries are never weighed at birth, leading to potential biases with using
birth weight in statistical models. In many population health surveys such as the
Demographic and Health Surveys (DHS), Multiple Indicator Cluster Surveys (MICS),
Pan Arab Project for Child Development (PAPCHILD) and Reproductive Health
Surveys (RHS) a question is asked to the mother regarding the size of her child at
birth, which has been considered as a proxy for birth weight (Blanc & Wardlaw,
2005). However, little analysis of this variable has been conducted. This paper
investigates the determinants of a mother’s perception of her baby’s size and assesses
whether it should be considered as a good proxy for birth weight.
Birth weight information is collected through the use of retrospective surveys in
many situations (Tomeo et al., 1999, p. 774), especially in large-scale, population-
based health and demographic surveys. However, in many countries birth weight is
not fully enumerated due to the large proportion of infants born outside of the
formal health care system (Miller et al., 1993). The use of only those infants with
a recorded birth weight in statistical models leads to biases due to the diﬀering
characteristics of infants with and without a recorded birth weight. Infants with a
recorded birth weight are more likely to be from wealthier families, born in a
hospital, still be alive at the time of the survey, have higher educated parents and
live in urban areas (Da Vanzo, 1984; Moreno & Goldman, 1990; Ebomoyi et al.,
1991; Eggleston et al., 2000).
One solution to the issue of missing birth weights is to use a fully enumerated
proxy variable instead. An approach increasingly taken by researchers is to utilize a
question posed in some surveys such as the DHS and MICS regarding the physical
size of the infant at birth (ORC Macro, 2002; UNICEF, 2006). In these surveys,
mothers are asked to classify the size of their newborn into one of five categories,
ranging from very small to very large. There is generally a good consistency between
size at birth and birth weight on an aggregate level, with the mean birth weight
declining within each smaller weight category (Blanc & Wardlaw, 2005). However, on
an individual level some mothers place their child into categories that are unlikely to
be correct (i.e. a baby weighing a very light amount is classified as being very large;
Boerma et al., 1996; Mbuagbaw & Gofin, 2010).
Research that has used mother’s perception of size as a proxy for birth weight
includes studies of air pollution in India (Ghosh, 2006), birth outcomes in Kenya
(Magadi et al., 2001), teenage pregnancy outcomes in sub-Saharan Africa (Magadi
et al., 2007) and neonatal mortality in Brazil (Rodrigues & da Costa Leite, 1999). The
responses to this question have also been used in improving the estimates of the
percentage of infants with low birth weight (Boerma et al., 1996; Blanc & Wardlaw,
2005) and these methods are used in individual country survey reports on birth
weight, e.g. Iraq (Central Organization for Statistics and Information Technology &
Kurdistan Regional Statistics Oﬃce, 2007).
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A mother’s perception of her baby’s size is clearly not purely determined by birth
weight as there are many other dimensions that a child’s size can be judged on, such
as length, subcutaneous fat and other size dimensions. It could also be hypothesized
that influences on perception are the size of previous births in the family alongside the
number of children in the vicinity, as these provide a comparison for the judgement.
Currently the determinants of mother’s perception are not known, even though the
variable is used as a control variable in other research (e.g. Ghosh, 2006; Magadi
et al., 2007)). A firm knowledge about the determinants will therefore indicate
whether the inclusion of perception of size as a control variable as a proxy for health
at birth is warranted. The determinants of perception will also indicate social
influences on mothers when assessing the health of their children. These influences
may be present when parents are reporting other self-reported health indicators. As
a result of this, there are a number of questions that this study seeks to answer. What
is the relationship between birth weight and mother’s perception of size? Are the
determinants of size perception the same for infants with or without a recorded birth
weight? What societal or contextual factors are also related to mother’s perception of
her child’s size at birth?
Hypothesized conceptual framework
In the relevant surveys a mother is asked to classify a child into one of five size
categories, ranging from very small to very large, a decision that is likely not to
depend only on the birth weight. A number of judgements have to be considered by
the mother before responding to the question, with a combination of all potential
‘dimensions’ of the newborn likely to inform the final response. Coupled with this, to
place an infant into one of the five categories requires an assessment of the size
against other children, as the mother must obtain a picture of the size of an average
sized infant in her mind against which her own child will be compared. The
construction in the mother’s mind of this average sized baby may be influenced by a
number of factors, including the number of infants the mother has come into contact
with, either in her own family or in the local area. Further influences may be from
the media. Other potential factors that may relate to the response include the gender
and survival status of the child. In some societies the birth of a boy is more celebrated
than that of a girl and hence a male may be perceived to be larger than an equally
‘sized’ female. It is hypothesized that infants who have died before the interview may
be classified as smaller than those who have survived, either reflecting the smaller size
or as a form of ‘coping strategy’ by the mother.
Figure 1 shows a conceptual framework for the determinants of a mother’s
perception of the size of her baby at birth. From this framework it is shown that there
are hypothesized to be three main determinants of perceived size. The first is the
actual size of the child, while the second are household, community, regional and
global factors that influence the image in the mother’s mind of the baby against which
their child will be judged. These factors influence both the size perception and other
influencing factors such as survival status. Further direct influences are the sex of the
child, the number of children born to the mother before and after the child in
question and the time since the birth. A final factor that needs to be taken into
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account is additional knowledge. This may take the form of an oﬃcial health card
with a comparison of the child’s birth weight against a global norm. Knowing this
information is likely to aﬀect the classification of the child into the size categories.
Data
Three diﬀerent DHS were selected from Cambodia (2000), Kazakhstan (1999) and
Malawi (2000). These countries were selected due to the varying proportions of
missing birth weight data in each of these countries. In Cambodia only 15.9% of
infants in the survey had a recorded birth weight, while in Malawi the percentage was
44.1%. The corresponding percentage in Kazakhstan was 97.1%. The percentages of
children with a recorded birth weight mirror the percentages of births in the previous
five years that occurred at a health facility (9.9% in Cambodia; 55.3% in Malawi;
98.0% in Kazakhstan). The selection was conducted on this criterion as birth weight
is hypothesized to be one of the major determinants of size and it will be interesting
to see if there are diﬀerences in the determinants between infants with and without
a recorded birth weight. However, it is not claimed that these countries are a
representative selection and that the results obtained will apply to all other countries.
Information about the selection of households and mothers into the surveys are
given in the individual country reports and will not be described here (Academy of
Preventive Medicine [Kazakhstan] & Macro International Inc., 1999; National
Institute of Statistics Directorate General for Health [Cambodia] & ORC Macro,
2001; National Statistical Oﬃce (Malawi) & ORC Macro, 2001). All mothers were
asked detailed questions about their births in the five years prior to the survey,
????????????
Birth Weight 
Physical Size e.g. Length 
Subcutaneous Fat 
?????????????????????????
Child Level 
? Survival Status  
? Sex 
? Time since the birth 
Mother Level
? Numbers of previous and 
subsequent children 
? Educational level of the mother
?????????????????????????????????????????????????????
?????????????????????
Ability to judge against 
regional and community 
standards (e.g. growth 
curves) 
?????????
???????????
????????????
????????????
?????????
Fig. 1. Conceptual framework for the determination of mother’s perception of the size
of her baby at birth.
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including the birth weight of the infant, if known. All mothers were also asked the
following question about each of the children under 5 years old:
‘When [NAME] was born, was he/she: very large, larger than average, average, smaller than
average, or very small?’
The question regarding the perception of size was asked before the question was
asked relating to the actual recorded birth weight.
Methods
The response variable, size of the child at birth, is clearly ordered from small to large
and thus ordinal logistic regression is used. Furthermore, it is hypothesized that there
are household, community and regional influences on the perception of size. To
investigate these eﬀects the use of multilevel techniques is appropriate and will
identify any eﬀects if they exist (Snijders & Bosker, 1999). Simple fixed eﬀects models
were initially fitted using Stata Version 9 (StataCorp, 2005) before these were
transferred to MLwiN Version 2.20 (Rasbash et al., 2010) in order to estimate the
multilevel structure.
Three diﬀerent models were estimated for each country in order to elucidate the
determinants of mothers’ perception.
1. The first set of models restricted the dataset to only those infants with both a
reported birth weight and size at birth. These models assessed the relationship
between actual size (proxied by birth weight) and mother’s perception of size
while indicating if there are any other variables that are related to the mother’s
perception of her baby’s size.
2. The second set of models also restricted the dataset to those infants with both
a reported birth weight and a size at birth. However, this model did not include
birth weight as an explanatory factor for size at birth. This model can be directly
compared with the first set of models to assess the eﬀect of removing birth
weight on the parameters for the other significant explanatory variables – little
change in the other parameters indicates that birth weight is independent of
other factors in the determination of size perception.
3. The final set of models used the full dataset, including those without a reported
birth weight. For this set of models an indicator for whether birth weight was
reported for each child was included in the model. Interactions between this
indicator and other explanatory variables were tested to investigate if the
determinants change for those with and without a recorded birth weight.
In all countries birth weight was converted from grams to z-scores so that
comparisons between countries were facilitated and also for ease of interpretation.
The scores were calculated within each country in order to centre the variable on the
average for each country. A number of potential explanatory variables were included
in the modelling process, including marital status, maternal and paternal education,
maternal age, place of delivery, urban/rural residence, region, religion, time since the
birth, birth order, wealth and whether the mother was working at the time of the
survey. A number of contextual variables were also defined to provide average
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information at a district and sampling cluster level. This contextual information was
derived from the survey and included the proportion of infants born at home, the
average birth weight in each sampling cluster and the average wealth. The multilevel
structure investigated was the children clustered in households, within sampling
clusters and then within districts. The household level was used to control for sibling
eﬀects. Only singleton infants were included in the analysis. Forward selection was
used to construct each model, with a variable being included in the model if it was
significant at the 5% level.
Results
Exploratory analysis
The distribution of mother’s perception of size at birth is shown for Cambodia,
Kazakhstan and Malawi in Table 1. If the ‘very small’ and ‘smaller than average’
categories are grouped together there are similar proportions of infants in all three
countries. The average sized infant category contains the highest percentage of
infants. Cambodia has a sizeable proportion of infants in the larger than average
category, and a small percentage in the very large category compared with the other
two countries. Also shown in Table 1 is the average birth weight in each of the
perception categories. This obviously only relates to those infants with a recorded
birth weight, but the mean birth weights follow the expected patterns, with those in
the smallest perception group having the lowest average weight, and those in the
largest group having, on average, the heaviest.
Bivariate analyses indicate that perception of size is related to the place of birth,
with a greater proportion of infants classified as smaller than average or very small
who were born at home compared with those who were born in a hospital. In
Cambodia and Malawi, it is also seen that the size perception increases as the time
since the birth increases. Thus those born between 4 and 5 years before the survey are,
on average, classified as larger than those born in the year before the survey. This
trend is not seen in Kazakhstan (analyses not shown).
Table 1. Percentage distribution and mean birth weight by size at birth
Percentage distribution of
size at birth
Mean birth weight within
size at birth (g)
Cambodia Kazakhstan Malawi Cambodia Kazakhstan Malawi
Very small 2.8 4.8 3.5 1968 2333 2411
Smaller than average 10.3 12.9 12.2 2469 2772 2537
Average 54.8 63.7 58.4 2988 3299 3113
Larger than average 27.5 13.2 16.6 3481 3895 3544
Very large 2.8 4.7 8.6 3923 4219 3706
Missing 1.9 0.7 0.7 — — —
Overall mean — — — 3202 3311 3188
N 8643 1317 11432 1167 1279 5226
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Table 2. Multilevel ordinal logistic results for Kazakhstan
Model 1: Birth weight Model 2: Restricted Model 3: All infants
Category Coeﬃcient (SE) Sig. Coeﬃcient (SE) Sig. Coeﬃcient (SE) Sig.
Birth weight (continuous) 0.276 (0.057) ***
Method of recall of
birth weight
From card 0
From memory 1.083 (0.411) **
Survival status Alive 0 0 0
Dead 0.933 (0.272) *** 1.000 (0.271) *** 1.112 (0.257) ***
Sex Male 0 0 0
Female 0.430 (0.115) *** 0.457 (0.115) *** 0.467 (0.114) ***
Place of delivery Public hospital 0 0 0
Home 0.905 (0.427) * 0.973 (0.426) * 0.917 (0.385) *
Partner’s education Secondary or
further
0 0 0
None or
primary
1.630 (0.676) * 1.792 (0.664) ** 1.828 (0.664) **
Missing 0.260 (0.456) ns 0.219 (0.457) ns 0.404 (0.445) ns
Maternal age 20–29 0 0 0
15–19 0.202 (0.358) ns 0.142 (0.356) ns 0.144 (0.357) ns
30–39 0.334 (0.124) ** 0.302 (0.123) * 0.271 (0.122) *
40–49 0.155 (0.283) ns 0.128 (0.284) ns 0.204 (0.280) ns
*p<0.05; **p<0.01; ***p<0.001; ns=not significant.
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Table 3. Multilevel ordinal logistic results for Malawi
Model 1: Birth weight Model 2: Restricted Model 3: All infants
Category Coeﬃcient (SE) Sig. Coeﬃcient (SE) Sig. Coeﬃcient (SE) Sig.
Birth weight (continuous) 1.207 (0.091) ***
Birth weight2
(squared)
(continuous) 0.189 (0.020) ***
Birth weight3 (cubed) (continuous) 0.018 (0.008) *
Birth weight Not recorded 0
Recorded 0.443 (0.042) ***
Diﬀerence between birth weight and
average weight in cluster
0.247 (0.090) **
Parity 2–3rd birth 0 0 0
First birth 0.087 (0.073) ns 0.327 (0.071) *** 0.304 (0.050) ***
4–5th birth 0.163 (0.080) * 0.203 (0.077) ** 0.148 (0.054) **
6th+ birth 0.044 (0.082) ns 0.009 (0.079) ns 0.097 (0.055) ns
Sex Male 0 0 0
Female 0.192 (0.057) *** 0.288 (0.055) *** 0.268 (0.038) ***
Region North 0 0
Central 0.237 (0.245) ns 0.178 (0.165) ns
South 0.536 (0.232) * 0.325 (0.157) *
Recall of weight From memory 0
From card 0.176 (0.067) **
Survival status Alive 0 0
Dead 0.249 (0.094) ** 0.448 (0.130) ***
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Table 3. Continued
Model 1: Birth weight Model 2: Restricted Model 3: All infants
Category Coeﬃcient (SE) Sig. Coeﬃcient (SE) Sig. Coeﬃcient (SE) Sig.
Religion Catholic 0
Anglican 0.035 (0.179) ns
CCAPa 0.052 (0.087) ns
Muslim 0.237 (0.106) *
Seventh Day
Adventist
0.027 (0.116) ns
Other Christian 0.106 (0.076) ns
None/other/
missing
0.796 (0.268) **
Time since birth (continuous) 0.011 (0.003) ***
Infant has survived by time since birth 0.007 (0.004) *
Working status Not working 0
Working 0.144 (0.041) ***
Maternal education Secondary/higher 0
None 0.231 (0.090) *
Primary 0.173 (0.081) *
District 0.238 (0.065) *** 0.135 (0.040) *** 0.097 (0.028) ***
Cluster 0.078 (0.031) ** 0.053 (0.027) * 0.068 (0.017) ***
Household 0.215 (0.044) ***
aChurch of Central Africa, Presbyterian.
*p<0.05; **p<0.01; ***p<0.001; ns=not significant.
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Multilevel ordinal regression
As stated previously, three diﬀerent ordinal logistic models were used for each
country. The results shown give the estimated parameter values (with associated
standard errors) indicating the chances of being in a smaller size category. Therefore
a positive parameter indicates that the determinant is associated with a decrease in
size perception, while a negative parameter indicates an increase in size perception for
that determinant.
Kazakhstan. There is almost full enumeration of birth weight in the Kazakhstan
survey, with only 2.9% of the infants in the survey without a recorded birth weight.
Table 2 shows the results for the ordinal logistic regression studying the determinants
of a mother’s perception of size.
There are minimal diﬀerences between all three models for Kazakhstan. The first
model, including birth weight as an explanatory variable, indicates that as birth
weight increases the perception of size increases (as indicated by the negative
parameter value). Female infants, those who are born at home, and those who died
prior to the survey are perceived as being smaller than males, those born in a hospital
and those who were still alive at the time of the survey. These variables are all known
to be related to birth weight and thus the relationship with perception of size is
expected. However, the relationship is seen even after controlling for birth weight,
indicating that there is an eﬀect of these variables over and above that of birth weight.
Removing birth weight from the model only changes the parameter estimates of
the explanatory variables by a small amount. The estimates for survival status, gender
and place of delivery are all slightly larger in Model 2 than in Model 1, although the
diﬀerences are minimal. This indicates that the relationship between these three
variables and mother’s perception of size is not explained by birth weight and that
these factors have an independent eﬀect on mother’s perception. Model 3, using all
infants in the survey (both with and without a recorded birth weight), again does not
diﬀer greatly from the previous models. The indicator of whether birth weight was
recorded or not was not significant (and thus not included in the final model),
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Fig. 2. Relationship between birth weight and mother’s perception of size in Malawi.
10 A. A. R. Channon
showing that there is no diﬀerence in perception depending on a record of birth
weight being available. No variation was seen at any of the three levels in the model.
Malawi. The results for the three models for Malawi are shown in Table 3. Over
half of the infants in this country do not have a recorded birth weight, and thus the
diﬀerences between Models 2 and 3 will be informative regarding the similarity of
determinants between those with and without a recorded birth weight.
The first point to note is that the relationship between birth weight and perception
of size is not linear, as can be seen in Figure 2. As birth weight increases from low
levels the probability of the mother classifying her child as very small or smaller than
average decreases, while the probability of a classification of larger than average or
very large increases. The probability of a classification of average size is as expected,
with a higher probability for infants who weigh closer to the mean birth weight being
in this category.
A further interesting explanatory variable is the diﬀerence between the infant’s
birth weight and the average birth weight in the cluster. It is important to note that
average birth weight in a cluster was calculated from the survey and therefore is
subject to sampling error, especially in those clusters where few infants have a
recorded birth weight. The parameter estimate indicates that if an infant has a birth
weight that is heavier than the average for the cluster that they live in, then their size
classification is also likely to be larger. This implies that even if a child has a light
birth weight, but other children in the area are even lighter on average, then the size
perception will be larger than if children in the area are heavier on average. Females
are again seen to be perceived as smaller than males, even after controlling for birth
weight.
The results for Model 2 show that the relationship between gender and perception
of size is stronger after birth weight is removed. Thus females are perceived as smaller
than males, but only part of this is due to the female infants having a lighter birth
weight. Survival status is significantly related to size in this second model, but was not
significant in Model 1. Smaller infants are more likely to die after birth, and thus it
can be concluded that the smaller size perception of those who did die is due to the
infants actually being lighter than infants who have survived and not simply due to
the mother’s perception.
The final model using all infants in the survey contains many additional significant
explanatory variables. The indicator of whether birth weight was recorded or not in
the survey is highly related to size perception, with those with a recorded birth weight
being perceived as being larger than those without. There are no interactions with any
other explanatory variables showing that the relationship between the other explana-
tory variables and perception of size is the same irrespective of whether birth weight
was recorded or not. The amount of time since the birth is important, and interacts
with the survival status of the child. As the length of time since the birth increases,
the probability of a larger size classification also increases for infants who are alive.
However, for infants who have died there is no eﬀect of time.
Significant variation is seen at the cluster and district levels for all three models,
and also at the household level for Model 3. This indicates that there are diﬀerences
between these areas in the way in which infants are classified, even after taking into
account the other explanatory variables. This is understandable if the raw data are
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Table 4. Multilevel ordinal logistic results for Cambodia
Model 1: Birth weight Model 2: Restricted Model 3: All infants
Category Coeﬃcient (SE) Sig. Coeﬃcient (SE) Sig. Coeﬃcient (SE) Sig.
Birth weight (continuous) 2.153 (0.113) ***
Birth weight2
(squared)
(continuous) 0.427 (0.076) ***
Birth weight3 (cubed) (continuous) 0.094 (0.015) ***
Birth weight4 (power
of 4)
(continuous) 0.026 (0.006) ***
Birth weight Not reported 0
Reported 1.046 (0.093) ***
Place of delivery Home 0 0 0
Hospital 0.399 (0.140) ** 0.555 (0.128) *** 0.492 (0.116) ***
Ecozone Urban 0
Tonle Sap 0.156 (0.230) ns
Plain 0.518 (0.253) *
Plateau 0.386 (0.309) ns
Coastal 0.130 (0.308) ns
Sex Male 0 0
Female 0.316 (0.114) ** 0.280 (0.048) ***
Survival status Alive 0
Dead 0.570 (0.106) ***
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Table 4. Continued
Model 1: Birth weight Model 2: Restricted Model 3: All infants
Category Coeﬃcient (SE) Sig. Coeﬃcient (SE) Sig. Coeﬃcient (SE) Sig.
Survival status by
gender
0.470 (0.154) **
Partner’s education Secondary or
further
0
None 0.283 (0.079) ***
Primary 0.118 (0.062) ns
Not applicable 0.023 (0.238) ns
Birth order 2–3 birth 0
First birth 0.132 (0.065) *
4–5 birth 0.156 (0.062) *
6 or higher birth 0.054 (0.064) ns
Wealth (continuous) 0.093 (0.042) *
Time since birth (continuous) 0.003 (0.001) *
District 0.248 (0.121) * 0.155 (0.081) * 0.149 (0.051) **
Cluster 0.331 (0.116) ** 0.157 (0.083) * 0.073 (0.022) ***
Household 0.426 (0.058) ***
*p<0.05; **p<0.01; ***p<0.001; ns=not significant.
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studied, with some districts having many infants classified as being larger than
average or very large (e.g. 46.6% of infants are in these categories in the Machinga
rural district) while others have few in these categories (e.g. 10.9% in Mchinji rural).
Cambodia. The results for Cambodia are shown in Table 4. Out of the three
countries analysed the diﬀerent models show the greatest variability in Cambodia.
This is probably due to the large amount of infants without a recorded birth weight.
Models 1 and 2 only utilize 16% of the infants in the survey due to the remainder not
reporting a birth weight.
The relationship between birth weight and mother’s perception of size is again
non-linear, as shown in Model 1 for Cambodia. Only one other variable is
significantly related to size after controlling for birth weight. This is the place of
delivery, with those born in a hospital being reported as being smaller than those born
at home.
The second model, without using birth weight as a predictor, also includes ecozone
(a grouping of diﬀerent states into similar ecological areas) and sex in the model.
Those living in the Plain region of Cambodia and female babies are classified as
smaller than those in other regions and males. Due to sex not being significant in the
first model it can be concluded that mothers are assessing females as smaller than
males because they are smaller, and not for any other social reason. The parameter
value for place of delivery increases compared with Model 1, indicating that a
proportion of the eﬀect of the variables on size is explained by birth weight.
Finally, Model 3 shows that whether birth weight was reported for the child is
highly significant, with infants with a reported birth weight being classified as much
larger than those without. Place of delivery and gender are again significant in the
same direction as previous models. However, survival status interacts with gender,
indicating that the perception of size is related to both of these variables. This is
shown in Fig. 3. The diﬀerence in size classification between females is small,
irrespective of survival status. However, there is a diﬀerence in the perception of size
for males. Boys who are still alive at the time of the interview are more likely to be
classified as larger than average, while those that have died are more likely to be
classified as smaller than average.
There is significant variation seen at the cluster and district level for all models,
and also at the household level for Model 3. The greatest variation is seen for Model
1, showing that there are significant diﬀerences in the classification of size at these
diﬀerent levels.
Discussion
The strong relationship seen in all three countries between birth weight and mother’s
perception of size indicates that the actual size of the baby (proxied by birth weight)
is an important determinant in the perception of size by the mother. In Cambodia and
Malawi the relationship is not linear. The association is in the expected direction, with
larger infants being placed in larger size categories than smaller infants. In Cambodia
the relationship between birth weight and size perception is very clear. An infant who
weighs 2 standard deviations below the mean birth weight in the country is most
likely to be classified as smaller than average, while those who weigh 2 standard
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deviations above the mean birth weight are most likely to be classified as larger than
average.
The diﬀerences between the models for each country show that the influence of
birth weight is independent of other factors. In Cambodia and Malawi the actual
samples used for the three models are very diﬀerent, and thus comparisons are
diﬃcult to make between Models 2 and 3. However, in Kazakhstan, where the
samples for all models are very similar, variables that are related to mother’s
perception for all infants are exactly the same as those that are related to mother’s
perception when birth weight is included, indicating the birth weight is related to size
independently of other explanatory variables. There is slight attenuation of some
explanatory variable parameters when including birth weight in the model compared
with the model excluding birth weight. This is unsurprising, as the factors that are
related to mother’s perception are also related to birth weight. As an example, females
are known to be lighter on average than males (Kramer, 1987), and thus part of the
relationship between gender and mother’s perception is likely to be due to the actual
diﬀerence in birth weights between sexes. Including birth weight in the model controls
for this and the remaining relationship between gender and mother’s perception is the
influence of gender on the perception of size over and above that of birth weight.
Other potential factors that may influence the perception of size are alternative
aspects of actual size, such as physical size and amount of fat. These are not measured
in the DHS and therefore cannot be included in the models for perception of size. It
is possible that relationships between the explanatory variables and size perception
would be further attenuated if these other actual size dimensions are included in the
model.
It was initially thought that there would be a diﬀerent relationship between
explanatory variables and mothers’ perception for those with and without a reported
birth weight. This would have been signified by a significant interaction between the
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Fig. 3. Probability of size classification by gender and survival status in Cambodia.
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indicator of a reported birth weight and explanatory variables in the model that used
all infants. However, although the indicator of a reported birth weight was seen to
be highly significant in Cambodia and Malawi, no interactions were significant. The
significance of the indicator of a recorded birth weight is expected, as those with a
reported birth weight are known to have parents of a higher socioeconomic class and
thus are likely to be larger than infants without a reported birth weight (Moreno &
Goldman, 1990). In eﬀect, infants with a reported birth weight are reported to be
larger than those without a reported birth weight, mainly because they are, in fact,
larger.
The variation observed between the diﬀerent clusters and regions in Cambodia
and Malawi shows that infants in the same area are more similar to each other in size
assessment than to infants in other areas. It may be argued that this also indicates the
area of reference used by mothers to assess the size of their baby. If a mother only
uses infants in the local area to judge the size of their child against, the expectation
is that there would be no variation observed at the regional or cluster level, as each
cluster or region would have a similar distribution of sizes. This is not the case,
indicating that comparisons are made across the whole country. Average birth weight
varies in diﬀerent regions and clusters across the whole country, and as perception of
size is strongly related to birth weight then mean size in the diﬀerent clusters diﬀers
too, leading to the variation seen. This observation highlights that mother’s
perception of size is best used in nationally representative surveys. If a small area of
a country is sampled then it is possible that the birth weight may be higher or lower
that the country average, and thus the perception of size will be skewed in that region
and the variation within that region not recorded fully.
The results from this analysis imply that there are various regional and national
influences on the determination of mothers’ perception of size. Furthermore, there are
other factors that indicate that mother’s perception is not invariant and is influenced
by situational and time factors. In both Cambodia and Malawi, for the model that
includes all infants, the time since the birth is significantly related to the perception
of size. Expectation is that there should be no change in size classification, but it is
observed that as the length of time increases, mothers are more likely to classify their
babies into a larger size category. Birth weight in these countries did not decrease over
the five years before the survey, as calculated from the birth weights included in the
survey, and thus this result indicates that mothers do revise their size estimates
upwards as time passes. It is interesting that the eﬀect of time since the birth is not
significant once birth weight is entered into the model for both countries. This may
be simply due to the diﬀerent samples used when birth weight is included in the
model.
Conclusion
The implications of this research are clear. Birth weight is closely related to mother’s
perception of size, and thus perception of size can be used as a proxy for birth weight.
However, the results indicate a more complicated picture than is currently considered,
so care should be taken when doing this. When using mother’s perception as a proxy,
other variables also need to be taken into account, such as gender, survival status and
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place of delivery. If there are two children, one male and one female, of the same
birth weight, the female is likely to be classified as smaller. This may be due to the
other dimensions of size being considered, such as length, or may be due to societal
influences. Birth weight could be considered to be invariant to societal pressures, but
perception of size suﬀers from the same response biases as other survey questions.
The variation observed at the district and cluster level is encouraging, with the
indication that mothers assess the size of their child against a generic country
standard. Yet for Malawi there is also some evidence that some of the size judgement
is also made with respect to infants in the near vicinity, as evidenced by the significant
contextual factor in the regression models.
These results need to be interpreted with caution due to the limitations inherent
in conducting analyses of this type. Firstly, it is assumed that the birth weight, for
those reporting it in the survey, is correctly measured. There is much heaping of birth
weight in these surveys (Channon et al., 2011), but smoothed distributions indicate
the expected normal distribution. A further limitation of the analysis is the
endogeneity between birth weight and perception of size. Those who have a recorded
birth weight have an independent assessment of the size of their child, and may use
this to place their child into a size category. Those without a birth weight do not have
this reference point. However, the relationships between the explanatory variables and
perception of size are seen to be similar for those with and without a recorded birth
weight, which indicates that this does not happen. Furthermore, the question related
to size perception was asked before the question for the birth weight was posed,
minimizing this issue. A final point is that these data are from nationally
representative surveys. The relationships found may not hold for smaller samples or
more localized surveys, and mother’s perception of size should be used with severe
caution in the analysis of small regional surveys, or even nationwide surveys with
restricted sample sizes.
In conclusion, researchers who need to have an indicator for health at birth or to
control for birth weight in a location where there is not complete enumeration of
birth weight can use mother’s perception of size as a proxy. However, care needs to
be taken due to the societal influences on the perception of size.
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